Enhanced osteoblast response to an equal channel angular pressing-processed pure titanium substrate with microrough surface topography.
This study investigated the surface characteristics and in vitro biocompatibility of ultrafine-grain pure titanium substrates produced by equal channel angular pressing (ECAP) using MC3T3-E1 pre-osteoblast cells, compared with those of conventional coarse-grain pure titanium (CP) and Ti-6Al-4V (Ti64) substrates. All Ti surfaces were grit-blasted with hydroxyapatite particles to produce microrough surfaces. The surface characteristics were evaluated by electron back-scattered diffractometry, scanning electron microscopy, contact angle and surface energy measurements, and optical profilometry. The morphology of spread cells, cell attachment, viability, alkaline phosphatase (ALP) activity, quantitative analysis of osteoblastic gene expression and mineralization nodule formation on different surfaces were evaluated. ECAP-processed substrates showed a significantly lower water contact angle and higher surface energy compared with coarse-grain CP and Ti64 substrates (p<0.05). They also showed enhanced cell spreading, attachment, viability and ALP activity compared with the CP and Ti64 surfaces (p<0.05). Real-time polymerase chain reaction analysis showed notably higher ALP, osteopontin and osteocalcin mRNA levels in cells grown on the ECAP surfaces than on the CP and Ti64 surfaces, and the ECAP surfaces showed significantly greater mineralization nodule formation compared with the CP and Ti64 substrates (p<0.05). These results demonstrate the superior osteoblast cell compatibility of microroughened Ti surface made of ECAP-processed ultrafine-grain pure Ti substrates over coarse-grain pure Ti and Ti64 substrates.